Abstract. Recent developments about the extension of high-order Residual-Based Compact schemes to unsteady flows and complex configurations are discussed, with application to scale-resolving simulations and complex turbomachinery flows.
Introduction
This paper summarizes recent developments of a family of high-order ResidualBased Compact (RBC) schemes, initially proposed by [1, 2] . Differently from standard numerical schemes that approximate space derivatives independently in each space direction, RBC schemes seek for a compact approximation of the complete residual r, i.e. the sum of all derivatives in the governing equations. Because of this feature, RBC schemes belong to the group of so-called genuinely multidimensional schemes such as the fluctuation splitting schemes or the Residual Distribution (RD) schemes (see, e.g. [3, 4] ).
Major developments described in the following focus on the extension of RBC schemes to unsteady flows and to complex geometries. Selected applications, including two application challenges among those considered in the IDIHOM project, are presented to assess the capabilities of the schemes, specifically for scale-resolving simulations and complex transonic turbomachinery flows.
RBC Schemes
In this Section, we recall the design principles of RBC approximations of the space derivatives for a hyperbolic system of conservation laws. For the sake of brevity, we will focus on two-dimensional problems, but there is no restriction to extend the analysis to multi-dimensional hyperbolic problems. At this stage, we treat time derivatives exactly, i.e. we focus on semi-discrete approximations in space. 
High-Order RBC Schemes
Let us consider the hyperbolic system of conservation laws:
with initial conditions w(x, y, 0) = w 0 (x, y)
where t is the time, x and y are Cartesian space coordinates, w is the state vector and f = f (w), g = g(w) are flux components depending smoothly on w. The Jacobian matrices of the flux are denoted A = df /dw and B = dg/dw. System (1) is approximated in space on a uniform mesh (x j = jδx, y k = kδy), with steps δx and δy of the same order of magnitude, say O(h), using the basic difference and average operators:
where j and k are integers or half integers.
A residual-based scheme is expressed in terms of approximations of the exact residual:
More precisely, such a scheme is of the form:
wherer 0 is a space-centered approximation of r called the main residual andd is a residual-based dissipation term defined as:
wherer 1 andr 2 , respectively defined at j + 1 2 , k and j, k + 1 2 , are also spacecentered approximations of r called the mid-point residuals, and Φ 1 , Φ 2 are numerical viscosity matrices. These matrices depend only on the eigensystems of the Jacobian matrices A and B and on the steps δx and δy. They are designed once for all [5] and use no tuning parameters nor limiters. Since the matrices Φ 1 and Φ 2 remain O(1) as δx and δy tend to zero, the dissipationd represents, to the leading order, a numerical approximation of the second-order partial differential term:
This leading term of the expansion, that is only first order accurate, vanishes for an exact solution (r = 0), so thatd is actually consistent with a high-order dissipation term that will be discussed later.
